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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
manufacturing method for a nitride semiconductor 
substrate which can obtain a nitride semiconductor 
substrate by satisfactorily removing a heterogeneous 
substrate of sapphire used to grow a nitride 
semiconductor substrate. 

SOLUTION: At a 1st stage, a base layer 3 is formed 
of a nitride semiconductor on a heterogeneous 
transparent substrate 1 . At a 2nd stage, a surface 
where a nitride semiconductor can be grown laterally 
is exposed on a flank of recessed part, by making the 
base layer 3 uneven by etching up to the 
heterogeneous substrate 1. At a 3rd stage, a 1st 
nitride semiconductor 4 having dislocation reduced is 
formed by growing the 1st nitride semiconductor 4 on 
the uneven base layer 3, a gap is formed between the 
heterogeneous substrate 1 at the bottom of the 
recessed part and the 1st nitride semiconductor 4. At 
a 4th stage, the surface of the heterogeneous 

substrate 1 where the base layer 3 is not formed is irradiated with an electromagnetic wave, 
to separate the heterogeneous substrate on the interface between the base layer and 
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heterogeneous substrate, thereby removing the heterogeneous substrate. 
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[«#*! 1 ] S*5 1 CD® £ ^ 2 CDS t £W Lg{b^>3 
^b^^*i*?!>^^5T^^^$-ii:5^1 cox 

utitam i coxm&c:, m^Tmmz&ft&i^m 
mtetmi <Dmtvo*mfc t com \z^m$:Mf& mtzm 

3cox*l<!:. BtllG^3(7)xmmtc N mlfS^S^co^ 2 
wffil^i^iltl, Tife/i£JMI&*££coJ1L®T# 

[§a#i£2] WieDaG^, ^h7^^X'^ri: 

[ff!#if3] tt]f2^2cr)xaT*^$n^afldi^. ^ 
^v^JcJ; «9T^^^S^^co^®^^l 0 0 20 

-rz^t t-r zm&m 1 x** 2 iciE^co^b^^ 
4 ] mmm 3 (joxmr^g £ 1 co^b 

4^^#CD§|J?^ 1 0 0 11 mJ£Jl_hT*&>£ ^ £ 

5 ) ntise* 3 cQxmu:*$ij- 1 <omtvo¥ 
5 ^ m/^r B ia± 1 0 u m/^iwTT'$ 2 <omtvo* 

mftfimSS-lOlSt, iftfEfg 3 - 1 COX 30 
m^iC, |£ftigfi:£ 1 0 /i m/^r«ia± 5 0 0 u m/B$ 

im 6 ] JttjfElfc 2 (OlttM £ KfcDQ£bcodi^ 
co^^^^^^co^^rfe 

[f#^ii7] ^iem2coxmr*^$nrcDDdbcoci^ 
r <t zftmt-rztmm 1 ^tettco^b^ 

^^Sfficoj^^rfe 
[^cDf^^tft^] 
[0 0 0 1 ] 

* (LED) % I'—fVJJr—YX* (LD) ^co^^; 
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Zy&itVv^mft (I n x A 1 y G a t-x-v N x 0 ^X, 0 < 

y. x+y^i) xvtezm+mizmmztizmtto^m 

[0 0 0 2] 

[0 0 0 3] #lj*_f£, Appl. Phys. Let 
t. , Vol. 72, No. 16, 20Apr i 1 1 

998 pp. 2014-2016 <Dxm\cn, mt%> 

li. -^^r^TS«±tcELOG^(cj:9te«rco®» 

ni^-co^«it^r?fMLT 2«OLD£rf1stRU 

1 7 r >f 7 tt SSfilw L Dliifif<ol«H6 
fid***) 2 0 0B#P B lT'£>6CD(C*tL. t77-<7^^ 
tifciG a Ng$k_hcDLDte, l^*#-C<Oii«Bg«as 7 8 

7 ^ 7X tR«:tt 6 L D tilt 7 7 ^ 7*5»»tt"Cfc5 

*fL, tt»ttcoH-77'f7S:«fSi:J:»)»*LtGaN 

» £ * 6 «> , m*<o£<k<omn m& ^m-^c z> ^> 

[00 0 4] 

[IBW(B*L<t 9 iri-6EiJH] W»Lft#&, ELO 

G^smtc, -^7r^rs^$refF^r*i^*-r6xm(i. 

t77^7^V^*l:MW^otlt 5 
«9^>\ G a NSIS^Itt^in/cO L^V>«t plcftl 

[0 0 0 5] «fg»^GaN^t77>{7J: 
lt v fl»Jx.tf , Appl. Phys. L 
ett. 72 (5), 2 Februay 1998 
pp. 5 9 9- 6 0 11:11, t77^7S^±(CGaN 

&J*ft£l£fcgL :««fiH/:GaNffi*Si^ 
X(C:n;#=^>;£:^L-r[§£L. f77^7/GaN/x 

^VS iCO^I^ICL/c^. f77-(7»lbKrF 
/<;U*^**>-7 u— tf ^B^ttLT. f 77^7iG a N 



®TG a N*SU~ f*^»iRLtG a N0^4i:, 
G a T 4 T &ft$fc-f & Z k fcX't Z> t>(D-C& 

Ztf, G a N(05>«lcJ:o-r^^i-5N2^^C0^^EE 

J:^«i:xW:pGaNii;fc5t m^tt^^ ? v 

CHigasfc**:, ^Offi^@[^nli;«^^LiC< < ft 
SCOT, t Cttfcl^^ft^G a NS^TOf^I^ 

&&ktzoxT.u<nmmt&±K* ftnxm&mz.zz. 
kxmm*?)<D&T&i>5\$;mz-f-5imttLfc&>z> 0 ld 

5- fcASH*JxS. 20 
[0 0 0 6 ] -^^T\ *36WOIWli % *fb«>¥*{*:£r 

<o * * mm-t * r * -c *> * . 

[0 0 0 7 ] 

TIE (1) - (8) Oflf/fclC* oiatsi ts&s-e* 

(1) #1 0®i^2WS^tli^Sft;i:S 
tt*»»*»^ft5aWft»**«OJB 1 coffi_b(c. ^<b 30 

£{b«¥«*fcfiKfi£ii\ «fctfc<Oig;«£ *xfcm 

f£&£H£tu Tiasts^s«i:<oisiaD-e5>RtLrs 40 

(2) RijlSBQdb^, ^h7^f»tfc6:^«:»» 

t-rsmE (1) \^m<omkm*mfr&tiL<DY?mi3 

(3) «HEK2 0XST-^fiR$tL-5padi^^ =^^^> 

y\z£*)T&mkmm&tek<nmpgkmfrb 1 0 oot> 
£&*H*£-r£A0f£ (1) xt* (2) i:E«waft«* 

Wf««*>ft2«;frfc 0 50 
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(4) fftfSfS 3 coxmTj#& 1 (D^bfe¥« 

&<nn&mi>K 1 00 vmu±vtbz>zk*$rmk-fz>ft] 

IS (l) lc|E*oafb»*W*iKtE<0f^*!*ft o 

(5) mJiESB3a>xill;::teit5£ 1 0>Sfb«5¥«f£ 

m/B$PflJ!U± 1 0 /i in/«FBnaT"C* 2 <Z>S<b«j¥«ft 

«^HiS3-irai^ miESB 3 - i cox^^ 

Id. ^jf^^r 1 0 /i m/'B#^^_h 50 0/i m/f^J^ 

<^JcJ:^ffM$ixT/«c5w<b^^mi:-rSmII2 (l) X 
14 (4) (cgE*oS[^^Wf*:a«Of^»*fe. 
( 6 ) ffifSSB 2 OII-CM $ K/cIlflificOdb^X® 
T**-C*>6-^:€:4*»^:i--&ffllB (l) icfs^co 

( 7 ) fi(jfE» 2 roilTM £ ix/cDflficodbSPJb® 
# x &fb4fe¥Wftrt*lft* U ic < v >X L ft v 

e>ft ^)«^ilR-ealt>i^Tv^5TlftJB•efc6 w £ zftmk 
-tzmm (i) iciE«(oa{b«>*«»:sso^«!*ft 0 

( 8 ) ffiCtttt&dS* j£g 3 7 0 n miUTcOll^^T* 
&6^<b£#m<fc-r£milE (1) icffitteo^bft****: 

[0 0 0 8] o£*K *|gWtt±IEO*D< , ig^ftgfl 

L O G £ 9 £ £fb«>¥*«; ^ tog&feffitt 

iSlcA^niC^lft^i:^ J: p^3|(OELOG^ 
&«rtT?wi:T% Wxitfu- ifJg&NcJiSGa 

£ ^P^-C^V^^bi^6E LOG^^tC^oV^Ti4 > 

£f b*¥«tta> P, ft S TifcS £ »»Wli:«lSS £ 

«fb«>¥«(* £ L r v * a Uft&'p ft < ft s <dx\ 

l>— tfRRWlCt ^St5G a NC0®g|^/>ft < ft 9g 

fb»*w*^p>»aaE*ES: A#«c*w-r 6 r t 

[0 0 0 9] «±<7>i:9ic*|gWtt, Ktt^«$H4 
^^{c, JMSC2:Ub«^^«|Miififl|^/>6< 

4»)giELOGricSS:fT5lS^, IfSBW^tcJ: 

o * ^ r >r r ft <>: <Dmmmfo*mt%)*mfcfr h^-r 

X*^. *5&*sfi»tc(S«$ixfcffi{b^«tt:Sr»*r^ 

GaN<0^«T'Mt5N 2 ^ll OattJKttJCl^S 
ixS^T^icJ^^^/c^tc^^^ofJlix^G a NCOxC 
H«(7)^^$r^|#^-i-j^ia^ft^ft< ftofc^xtc, 
l«IB^/S*5 0 ^N2^^<ol8^d^ft^^EEJc < t ij«a8 
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[0010] *»w«c*5i^r, Tmm&%m&) 
[ooii] ei-. ^p^tc^^r. ^2raa 

®tcog*ffia>£> l 0 0 Ot^ hn-^_hcD#l£ 

^^MScD^£;^£P;£ L< , #J;tl£l. O/imOT 

A~3 0 0 0*^y* h a — A(7)^£T-8>J^HT^<5 
t, ^Off^ ^(O^^t/^^J^CO^T^^ L 
v\ fiiJP>tL^ai$dS_bteifiH"e*>6i:. GaNCD 

[0 0 1.2] ~£tl£ b\C s *«9](C:&^T\ Sg3<7)X*l 
-CfiKftS-frSfB 1 <7>*<fc»¥*fttf>JRJ5Ea s . 1 0 0 n m 
J£Lh, »iL<li2 0 0/i mJ£JLk. <fc t> L < ttt 3 0 

[0 0 1 3] £fc£t>lC N *389HC*$V^ I&3CQXS 

Site, /£gigS£0. Siim/fflJ^ll O/im/Nf 
BH^TtS 2 wSft**»*S:*ft S*5»3 - 1 OX 
St, COISSC, F&mmm* 1 0 Ai myB#p B ia±5 

S»3-2<DXSttcJ:l9^$nT^5t, $3-1 
OXSTfi!cfiiSjK35Silt^S*fe, 0ijili*MOCVD, 
T*fi»tCte&^(g:«r^, fS3-2<DX«-CJ*S>»K<D 

MtfHvpE, xmm<r>mt&>*m& 



10 [0 0 14] *fc^bt-> ^^P^IC^oVNT, fg2tOX*£ 

frbtez&mmxmfrthx\,*z>Tmmxtbz>k. m&<D 

-0#*LV\, ^Wc^ttSELOGl&^t LTte, Dfl 

20 [0 0 15] *fcSe>l£ % *«^^c:^v^-C, 
Stfi 3 7 0 n m^TOlf^T'fc^ £ . 

mLx\,^TMm*mj&i-zmm¥mft&&mcft» 

[0016] 

30 ft£fiMti-***ttWffiig^ifeS. 13 2 -BUI*. 

fltc/B V > E L O G J&^O^-XlitC £ 19 ^# * 

&&*Lx^Ltzm7Z&)Wxmmxhz 0 mm, 
[001 7 ] *igwtt, m 1 ic^i- j: 9 ic, noasrWir- 

4 XtCE LOGfifegtC J: «9 jR 1 a)Sftft**«: 

^fi^f>Mt'#, MSfii^itsit^-ej 

^^•^l^s Jifacoj: 9 tt>^Tto^icoxm- 

£0 *i\ B2«c^-TJ: mioxmtcj:^, $1 
50 Offit*2^ffit*WLa<b»¥W»:t»**»»^?> 
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*a««ttas8iB-C# 6 J: 9 *891ft#l«Xfi l cog* l 
[0019] jg) 3 ( a - 1 ) , (b-1) iC^i" 

ii 3 -k-c^L v is y Lxwdh^m 

[0020]&CL > {g]3(a-2, a-3), (b - 
2, b-3) K^-TJ: ?lc, m3(OX^icJ:«9, QDA£ io 

&;T2j&£ii:£o QDgfl^gflte, {R'J®Jc&titJ LTl^5Tit!l/i 

Daa5iBjffi«c»m$ixfcT%/i3oa{b«i*a»*(^, sit* 
*uc<v*o-c* oaajsfl$<o»as« 1 t^i <omihvo 

10 0 2 1 ] ftic, m 1 ic^i-J: 9 (c, 

*£l t»LTV^ST%Ji3<^S«!eD<oa{b^a»*«r» 

$z><DX\ tfxm\££y£.zx\,^timmmmi<Dmfr& 

[0 0 2 2] [micox^] J&icox^li, IU2IC^$ 

@m^H7>£±S£^6i^:7 T .<7\ (Mg 
AI2O4) (0<fc S i C (6H, 4H, 

3 C£^fr) , Z n S, Z n O, G a A s , Si, 



V\ g*Ig*£l (7)^1 CD®£Sg2C0®£li, Tift 

[0 0 2 3] *5gW(d*5l^-C, Tmm 3 t LTfi, 

1 2 srj5Kfi^-frfc». &&&m<Dm<k®*mft 1 3£/& 

ftSWiS^t sMRAtt^E L O Grt«0*"C#4 L 
V\ ^7 Jl 1 2 £ LTf*, A 1 N, G a N, A 1 G 
aN, I n G a N*g;^V^ft6 0 ^s/^rJf 1 2 11, 
0J;ttf. 9 0 0^7 3 0 0^10^% iHO. 

, ^txs 1 1 mMfiL&vmikm^mft i 

3 £o»^£»^jE£r«;ftiU K*fi;£So£{b«>¥** 

dope) COG a N , 3£I2, Si, Ge, &tfS^CD^T*X 
^l8«±OnI^fe K-^L7cG a N^t>5: 

x.tf^frft»cjijKj9 0 O^J: 9^r£~ l loot, 
L< li l o 5 ott'«8S« i ±lc«fSn5 tt -to J: 
9ftr££-Critft$-ti:5^ iC&A*oSfbtt¥2lK(^l 3 

[oo2 4] «i?a*so^bft^i»*i 3<nmmt it 

Ji, ^2coxmr^^^4^5Dfli£bcOi£b^±®^T^3 
T*£>6 [g]3COa - 1 -a - 3] tK «BI«T-«t>ixT 
V^Titi2^3T*^>5 [{U3C0b- 1 — b -3] 7)MC<fco 

[0 0 2 5] \^T\Z$g2<D2:mxtef&tSfrZW&<Ddh& 

±m&Tmm3x&>z>m& [{330 (a-D — ( a - 

3) ] lcov>TfBm-r^ 0 Cia$J:ffi^Tift»3-Cfc6» 
£\ K?fi*ft^»b*¥a»tt:i 3 0KJ¥fi»^IS«Lft 

SB*JBtJ*T-*>5-tdS»*L<. ^>/^< H500t> 
^hn-Aai, ff*L<tt5nm«l, J:^^*L 

* s D0»/SBJca^b»*«ft:35S^fi^s^*Witi-6^"e 
»*L<, Cco-<h^^ % KffiA*<Ottfb«¥«» 1 3 
OIS^H, DDffllWpaj^«jcJ:oTiail:iWfflStt-5o 
ox, K?fif$ftoafb4&¥Wf*;i 3co^@ii, ^p^co 
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[0026] : &i$±m-Tmm3-ehz> 

»2 0>XSH H 3 (a -2) 

<t9(c. mmmtiii ±izTmm3 (^77711 2, k 

U I!fl»«ffilcTiftJl3^«^-r-5»b«¥*(*«:«W 

£-£6xm-c£>£ 0 

[0 0 2 7] »2<OXStCfcv^T, 

$bJc:Bfl»jlEttlc|iaa«idSBttl*^6J:5^. Tifc 
Ji 3 to*B5j&>e>*«£« 1 ^l:|Sl^oti^.^ff^ L 
T&*ttfJ:<, T»«3(cv^i*tt^«-CIM]ia«:R^-C 

»*Ut^«^LT»i, ^h7^^tttfc»), w 

R*jS*J&s<J>ft<, J:9¥ffilcilS;i9#3: L 
<, £/d — fi^^Mt^ilC <fc 9&&04>ftV^ 
D0»±*»*c:y y^**©^ h7^^MLS<*9 20 

[0 0 2 8] T^Ji3tcS|5^^ltbixfcQfl£ili. '> 

Tife® 3 ^Ml^ 1 t<0»*B5*»b 1 0 OO^y^ 

1 0 0 O^-^i/jx hn— Aj^XT^^I^I-Pg^^n^ 

X , BU 6 f^«ds«* i: * b ft V >Sft oi£ $ a* # 3= L < . 
mz-l*i. O vmSkT&&*Ui\ SbldJUKECifts 30 

2 0 0 0^">^^ 0 0 0^~>^^ hn-A 

it'fc5t, G a N^D¥t'Mt5N 2 ^7^6^|: 

[0 0 2 9] ±K<oJ:5l£BflttJ&«ffiK*«£«i 

tix^^t. E LOGj&glcJ: 9teffi$ri£«-r^^T-t> 40 
»*Li\, 0*0, ±ffioj:9«c»a«fii^5/>ft< ^ 

r<ft«9, Da«Bap»^e>ffj«^fiKs-rsfRioa<b* 

W40ffi?:«L8< ft9#* LV\, AiM 

&&i ^xisco^^T'^Jbn-r^6^, pfl»«jffia*<bj« 

tlX^Z&mtmS-LXl^ZkJ&frthZ. o*»K DQgft 50 



"t-<ft!9, li5^4co/>ftv^Da»±ffl«ffi(cy rW<o^ 
h7^^ML*<49, $li£X*£i?(D^@£ ^cofa 

[0 0 3 0] QDAcDftMKd BDtt{WJffitf>*£-*\ £jS&± 
»0>«£Ofl»J&»O*Ift£'tt % #l£lK5£$ftfti^ '> 
ft< t«>0fl»rt^ott*ifloj«*3fts»M*ix % CDffiffln 

d^**r^»cj«SUfct^>i:ftS J: 9tcWBE*ixrv^5 
r*as#*Lt\, Pfldb^tt*;* hv^zfVtb-rzm 
<£\ x h7-<^ttt LTWcRj£$nft<^as. flx 

Offi) & 1 0 — 4 0 /i m % L< 1 5-35/i mT* 

*)5t)^Mt5^^ds-C#5. :^)J;?^h7^- 

[003 1] l20Xg-C««rU:it5^i: LTH 
SB 1 <Dmtto*m#4 Z-UftM. K)&<^k hit 

y^y&mt bfrz>* »*tt«:aftt>ftttn« 

^T, ^h7^f^ SSl«§07t h-^^^^rf^K 
U ^i/xh^f — ^ZTMrnztcMrft^X^iy^^Jf 

fT9»^tt. flx.ll ^h7-<^Sffi|«|CMT 
[0 0 3 2] fB2<OXSlc4ot^TTift« 3«;xyfy^ 

Xl^Rj^tt^^-V^iy^^^ (R I E) , frfc&JX-l' 
t-Axyfy^ (r 1 BE) , m^l^^^n [>p>x 
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(ECR) % ^tyf-Axyf>^(7)8| 
*ttiilA^5tlctiaBSL^»BB5F8- 1 7 8 0 3 -§-4*«K 

-9-, 9. «k *9 »^ l< nmm x&>z> 0 

[0 0 3 3] 3S2eoxmc:fc^-c\ moo>*tt«r 

0. 1° ~0. 7° , #£L<I*0=O. 1° ~0. 5 

[0 0 3 4] ^TiC^2OX^T-^^ft5IM]£bC0db^ 
JLffiri*, «8IB|-C»t)ixrv^T^JS3T-*>S4i^ [HI 
3CO (b-l) - (b-3) ] Ko<^TSE*M-5o 

SB l <oa<b»¥*»: 4 <0rt**SBKft Kiaft $ ti5 X 9 

*e*#tticiHo*»«-c# 5is^)if, 1 

OOty^xhD-^^ »*l<lil-10 M mg 

If 3 T'&6^COfg 2 OlfifcRWtS. 
[0 0 3 5] [# 2 (OXIM : dbSlJ_k3nlC{£fgBil£: frf 5 
&tC s Jg2CDX&fi, EI 3 (b - 1 ) \C7jk£tiZ 
X *aS«l±^S$-frfeTJftli3 (/<y77 

112, i«ffififcftoSfc«>¥W* i 3) Sr»#WKS« 
S« 1 ^-C^s/^V^L-CDQcQi^^L, PaffiffilffildT 

[0 0 3 6] TiftJi3(cOfli£bt:^-r6Ci:tc:J:0. fife 
ftpr*4ffiiLt, Sl(OlW^i2«E ( [:[!Q 



MS«1 ®^cotfcg(c*tLTffi5fc£n£cfc ^KfflfiL 
[0 0 3 7] ro^OQflGco^i^ ^icpfi^^n^ 

Jf3cO#S®cr>g£ [[gj 3 (b-l) cod] Dflgflcoflf] 
OSOtl [0 3 (b-l) <Dw] ^liLTM^tlT 
v>5 0 MJ-#£L<ii, Dfli£bco^^ % BfcH^ixfcTifi 
10 l3(OM^^ (d) ^DD^5cor^P^co*I (w) ^ co 
w/dri^ 0<w/d^5. #£L<te0<w/ 
d S 3 , J: 9 U < 0 < w/ d ^ l 9 I -18 

;i>x%T&m3(Di&mfrb(Df&&&i&mx*$ z> 9 -<dx 

£<, QflSSOfiEffili. / >4<^:t)Ml^l7)^ffitt^ 
T*t!lJl3T*&£:^ [El 3 (a-1) CO^] £|^«<0 

[0 0 3 8] XlSOi^i-, QD£lSJ&ffit;i£?I&Kid3ff 
lC»mLTl.^TJfeJi3»cflE5feLTtT^n. Ba»js«-c 

1 4 1 ^msts 1 <t <Dm\z&wfLtfm 

h 1 &±&<nmm <om $ t*^ y^-yyz ttx 

[0 0 3 9] m2cOX^(C^oV^T, OftiffidSftBlfll 1 

40 It, T&mz<Dmffi\zm>ftZWdh<DBVl\z&ttXi!h 
m5co±®[c, ^ij^^lil3 (b-l) coi: 9 t*:ISRl 
5^T*i!2® 3codbSP±ffitC^J*i"^ r hXP>Z> 0 iDj^X 

0, rwj; 9ftfl2#-C*>6£, feficDig^^^ic. Si 

50 mn&u<nQm<nter&tmmm& 1 sr»^-5^r-»^ 
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[0 0 4 0] Bflfi^^h^^^witttti*^ * 
♦I^10-20^m, * h7-<?TflHff (CflfflSOHSPSlS) 

[004 1J Sg2WXS-CDadh4r^ricrs*fet IT 
ii, TJftJi3&»#«l;LEg|*< r t*«-C#S*j*-C*> 

ffl^ttJ:v\ 3L^^^^(cJ:D, TlfiJB 3 JcSR^W 

^h7-rm >sitt«o7t h-^**«rfls« 

[0 0 4 2] »2 0Xa«c*5l^T»b»*W#4:3iy^ 

^i-s^ttia*, db»j:a5*sT»Ji 3 cm 3 (a-i 

~a-3) ] Wl^tf^i^^lr^r^^T't 20 

y^v^fl5d«, in 3 (b-D ic^-r.t^^assiRi 
ittm 3 coi&mmz&mw. t tz&j&vt* xitm 
t-v-jtm^&^D-jtmx-hXK. T*&m 3 <ommzm 1 

ft*V\ *»WIC*51>T, HJ3 (b-1) ~ (b-3) 

xtbzm&. wnmm<DT mm 3 <Dffim<o&zte, t& 

&Twm 3 (Dtizm <o& s (d) £-r* 0 30 
[004 3] S2oisr-ffiv^n5«aKi 5ttt 

5 1 LTs mz-&mit*<< m (siox) , i 

(T i Ox) , HMb^/U=i = *A (ZrOx) . 

«MbT/u$=*A (a 12O3) n^mtm, mttr^m 
(s ixNv) ^<om<tW). ^tzztih<D^mm<om. n 

i»Mo, Ti, W^O 1 2 0 O^iO^^-r*) 

£fb*¥»#oi*ftifiK6 0 ot-i 1 0 ox:<oum^ 40 

[0 0 4 4] £fc, ?&2<dx*I(c£^t\ ftSRl 5 
#'>Ate6. i£^^*y^>yxw&*Bf&-rz>Wi f '&. T 

mm 3±\zi%mmi s&Btit&s ^oiici/^ mr* 



14 

15^«l/;|t, Tii3^x->fym: <t "COO 

3\ TlfiJi3 0^ffi±lc:«ailBti SSrJgfifcU ^co±^^ 
bffiMnf&mzyj • y — T'Tit!!® 3(cDfla$rff$ 

[0 0 4 5] ftffilR 1 5 Olfli, #lC|SB5£i*-*\ Sg 3 
(DXSTDaaJOTlfiJi 3 oiBffid^flEft trritftSrtt* 

^ Ifc^oi: 5 tcff 1 <D*fb*¥«fM ^«^r6)^fifcS 

&mmi 5nm<Mf&£fttzxi)K \%mmi s±xmm 

<#Si:%x.<b;h,£ 0 £jgP±®lc{*S)g|i 5&m&L-tZ 

*§£\ Da»i£ffiT-<ojBioajbW¥**4<oiK*rfij^ 

[0 0 4 6] Q«±fl5d5TiftJi 3 ^>»fr&tf(Ka 

mi 5xmt>ftx\,^Tmm 3 <Dm&<Dm 3 <DjLm^-} 

[SB 3 coxm : dbas±ffirt*T*l!sJl 3 04§£\Rtf«a«a> 

% 3 COX^Ii, IH3 ( a - 3 , a - 4 ) ( b - 
3, b-4) Cl^£Jx6 «fc 5 SdlEQfltfb^^^^fc 
TifeJl3±M. SSlOS*b^¥»(M£/«;KSitaxS 

K— ^Lfc^iRIB* undope) <7>G a N % XI*. S 
Ge, ^U^S^O^TiX^l^^^cOn^^^^ 

f^4(t TflfeJlSSr^i-SWtajStfio^b^W 

ffi^a-i loot:. u< n 105 otT-Dflifh^w-r 

*lo^bfe^»*4JimJBAt*-5o SSiol 
fb^¥*ft:4^IBIJ?i LT»i, ^tcRR^SJx/jrv^s. 1 
0 0 » mJ^i, *f * L < it 2 0 0 n m^± % J: L 
< tt3 0 0 n mJLU±, $ <b(C#£ L< (15 0 0 n rnJ^ii 

fiRlc, a{bfe*»frS«to»ix^tt*fSrB6JtL, 

[0 0 4 7] ^f>(C, **W«C*5^r, ^3COX^tC*> 
•t5»lC0a[{b«J^#ff4d^ HI4 (a-4) , (b- 
4) \Zf^-ft 9 (C, HtiteiMJtfb^W-r6Tife^3±(C > ^ 

:oi88i:, fiRSiSaS: 1 O/im/fflWJLS 0 0^ 
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SB 3- 2<DX.ntlc£ OM^HT^i^i:^ L 

[0 0 4 8] J£ATICjg 3 - 1 <DJLMRXf& 3-2 COX^ 
SrlK(-IftWi-5o £i\ 13- itf>xgl±, 1U4 (a- 
4) CDdb^Wi-5Tife^3±ic. jfcgig 

^?r0. 5 a m/u*[S]^-Ll o ix m/P$f«E*T-C\ mt 20 

6o ±IBJK 2 0«^b«*»* 1 7£j*ft£-frSfiRSi£si 
11. 9 Id 1 0 /i m/«T0. 5//m/^ 

^X. L < n 7 n m/^r^T 1 v m/WaX 

«t^^t<lj:5^m/^TOTl. 5/im/Wl 
T-£>3 0 ^c^ii^^XfEt5IST*^)5<t. ELOGMO 

rt*a**r*i-S**tt4rt«*fei: LT, <BfKI$R3££ 30 
[0 0 4 9] f£ 2 <D2g.{tm*£m# 1 7 £ Itli, ^jcpr 

t>, ^Wfa% K— ^S*LTfc.fc1f\, 31 3 (D^b^^fr 
2 2^ 7yK-/Tfc6i:ISMo^r«ll\ * 

S<OELOG]«geO»^|^«|C, pffl^MtoRtf/* 
fctt nffl^FI*** K-mt, fifb4&¥W«w«#|6] 

< ttDQdb^apw^co-CftSBIJWJ^X-efeO, mtttt 
ftWWftRWilTIt »iL<lil-50^im, 

L< 1*2-4 0 ii m, £ L< (2 7 ~ 2 0 v 

mt^5 e XIE«6H0JK15C-C*>6^, DD&^&ftPlcff 9 

[0 0 5 0] fciC, HI4 (a-4) {CT^-f J; 9 |C, ?g 3 

fB2(Oa<b*¥W(tl 7XIC, >&§ig££5 0 0 um/ so 
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M^TlO/im/WWl^ SB 3 <z>afbft¥SJM* 1 
8£/&g£-£6 0 S3-2(OIgt\ IS 3 (D^jb^MI 
*1 8 4:J«ftS-«-5jft«it*li, Xf2<7>«fc9K:5 0 0/i 
m/W^T 1 0 ai m/*ia±, L < n 1 00/j 

m/»jiT 5 0 /i m/W^±T^6 e &Z<Dm\M 

HVPE^W b*l5o 
[0 0 5 1] l3-20Ii«I^^l3(Dl^ 
8 £ LTte, *HC«3eSix«lr^, GaNH 
* 5 £*b«¥Wfto**Sfttt^jfeft if 75. L V \, * 

fc. $3wiw*#i8ii T^y--?x*\>^mm 

[0052] 13 0ft4b4fe¥«fr 1 8 (oKjerat. Htjiem 
2Wtft**«(*i 7<7>JjH/f:j: j&g£Jx<5 e SB3 
<0«<b*¥W#l 8<Djg|^ LTIt EMcRB^tufcl* 
a>\ *4<DXS"C«jK«[SrSB|t-*--5R, «tttt«:f!SlttS 

j*a*fl£Ur\. «it«r, s 3 <*>£fb«>¥** 1 soojy* 

W^JKJli: LTii, #3= L< (15 0 /i 1 0 0 0/i 
m. iO^KliSO/im-SOO/imT^^o w <D 

[0 0 5 3] £fc, 13-1^1111^, ^2co^ 

i, Ge, Sn. Be. Zn. Mn. Cr. g 

IrK-yit^^^, *fel*a{b«¥a»»:olR 
WkttZl I I V^co^(7)^-yuit (I I \/V<D 

[0 0 5 4] £fc, i2Wt«^l 7 ^rfigft^-fr 
5»OJE*«r, *EE«Xoj!iDEE*« : T-jSfi$-e:rt>«t 
V\ »2 0S{b«l^*»l 7^fEWore^T'* 
£ 2 <7>g*bte¥»f*: l 7 0*ffioitt(BS: 
A«Fici-sojc»*L^\ ::t\ «BE»Xo»o^*ft 
kit* «JE (SHWicEE^^U^^V>«ffi(OJE^) 75^ 

L<li*l£ (iil^l^/E) -2. 5HEt^>D, L 
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[0 0 5 5] S3 0IllCii^T, a»±ffi^T»Ji3 

«LfcJBlOft-ft**i»flc4W±3fts«-frL. Da»j£ffia> 

7£^tf) ojfcjfcii, 51RWlcDa»«Bn«c«* io 

mt£4m±&&'&-rz>o -t^>a*. (ymnin Asanas 

[0 0 5 6] fg3c7)X&l;::jo^T. 
Cit^-f 6^ £ lei 0 , gioSft«*»#4 0*ids 

[0 0 5 7] £7t. ±f£Lfci:5»-fB2&t«S3<DlS 
afc****4(c**$ixSia»ds, T*»3lc»rtL 
*n^ttffiltr5J:9JC*lO»k*a|fcW*4«c:tt 40 

<o»<b»**#4i:B*cofcw«rrilft*-fr5 0 *7c, }R 

mi <oa{b**»*4»c*rts'nsDD»iEBBAs*7 



[0 0 5 8] — * % S3raii:^i>t, Ott±aD^« 
»«T«t>nr^5Ti6»3-C*>6»*«ctt, Dfl^F^^ 

1 <oS{b«3^«fr4 o£9, digfSX 

ffilciUfcSBIi 5^7^^c^nT^6fca6ic N dhg&_h®l.i 
(iiEjgSl ^a^b»*W#4ttfK»-fr-f, CflftrtflS^b 
fi8ftLr#/S:SBlcoa<b»*«^4^«aiRl 5±lcfa 
*»or**rfil<o«««cJ:0*«L, ftSBt 15 4:81 9 D 
COJ: 5«-K«JBl ^»b»*W*4tt*«Lftv^ 

Bfl»rtw»e>*«LT#fcji! i <o«*b»¥MHMaMit* 

***4ft>«C(Effitf!>fi»S*tfc, Se>lC«»Kl5± 

/ctf>M, Sioa<b»*»(*4_L«c«2<0XS&UfSR3 
[0 0 5 9] ^Tic^^g^ico^coftllco^^L 

[0 0 6 0] 3EK#£ L^#MI»Kl £ (0 0 

0 1 ) &[cm]&±&£i-Z>D-7T'<T, (112- 
0) ®[A®)$r^®i:-r61^^r^r. x\± (l l 1) 

(0 00 1) ®[C®]$:iffi<l:t6t77^7t^5i: 
«ft85T«6Ji3(c^j5!cStt6l!0CiO^ h7>f^tt 
rt*. ^rco^^r^ro (i i 2-0) ®(A®](c^UT 
*ff*tt*^&*i^-rixdMco. i° -o. 7° fet 

;LJ£< 1-10 o > [M$&Jjfa]frbm 5 \Z7jk-f £ 9t-^ 
Ctl6cO^^c7)l>-rn7)^C0 = 0. 1° -0. 7° T<bL 

(tg) 6 Id^-f 9 ) li»*L<tt0. 
1° -0. 5° , J:D»*L<liO. 1° -0. 2° X 

[0 06 1 ) (112-0) ®[A®]$ri®^t5 

t7 7 ^TT'fc6^, m&Wdh<nxh ? -intern** 
<n+)-7T 4T<D (1 1-02) ®[R®)lc*tLT^iE& 

t&frh±&A&<nm&kmmtz-rbLxx hy^zrmvt 



u 80e) lO^X x (tuug s P Z) J-^M * (ui 
u E 6 I ) J JV] ^^^x^W 

a*** x mmmigx^ ww^wwm K ?\m [9900] 
itwq> K c^mm ^m^^m® ^x 

9 0- 0 x 'o 5 ^^# ^lasiM^? °S4-? 

et89Zl-t002 KI& 



>^zi-4-2IT£i >n v i$J^D^)?i^n4^r)@ (o 

t 1) v .x<^ 
■i1«-l3! (Oil) ^*ft*^q>S (0 

l t) %m4=£(\* (T l l) ^ffi¥S$fO>:#ft 

*w*m * (t^&w^z^wuwi&^tyym ^xi 

4*r) (^oziv^iai) [1^900] 

»fI>-^^454-?i^av '-Jig [8 900] 

°9 

^^i^W^-^a -^z:ar@^r)S '^^fla^aiw 

194- '0— 0 I 0 = 0^^of4-v^^o?¥*y/l! 

v 4-^ °9^a^I^^-4 ^ -*^4-^^^^^^a) 
ori I ^fSMS'LfCl^^v'icf:)^^ [2 9 00] 

nisl4:»5^*»*fi»q>ai^Di (oil) a>i/^vr 

^y^/L^Tx^[^m (o i i) cd^^wItW 
^MA y^A *a> s dm , ?gl& x ^?9^a^^^^94-? 

s^^s (i t i) ^ni^Rr^van^ 

61 
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[0068] ^fc, mmmt&\<nm2(Dmz.m&®L*M 
m-fzm. mis i ^ i cogicTii 3 it 

Lxmmm& i ©m 2 cD®7^m8m£f$#+ t-c t> £ 

mi os^^^4(Dffi^ig^-r5^, y^^x 
[oo6 9] &tz, mi <nmitM*mfr4<om$:3:ftfr 10 

[00 7 0] IlSt5 1 ±(CTifcJI 3 VO&fbttJ^Vtt 
l 2 (?) 1^ ? 6 1: i; 9 1 5 ^ mE£i££ 

[0071] *astsi <o»2<^SD«c«a««:Kst-r6 
»g\ mmmm.i&f&&&\z s mfe-rztntoizm^^x^ 

tt«rRfc£?-6^&£ LTte, #{cpg^^ ;ft,ftt^ 

[00 7 2] ^X^c^^kfe^WfrStg^ffK^fetc J: 
9 bix6 Sfk4fc¥a»f*»K±«;ifl2jS $ ii6Ilb#)^i 

iBWeo*fe-c»bnsaE{k»^**««ii, tetttd5®« 
mtto^mftmm-k^y*'^ L-cft**?- 

tt. *-T-»tt*sa»tft d ^;Ltfgfk^2**3iT-£* 

*t5»b«i*»wi itii, «mcrj£$*l-*\ '>ft< 

l^rfC, fflft^WiS^^ri-SnSl^kW^***:*** 
U roja»T-«igc^nS«tcnfl;*«r^i-6r ten 



[0 0 7 3] **W£:fc^-C\ g{k%¥^#£/£g£-tf: 
»UPS^$ttftl^SMOVPE rtTttfcfeJRft 
ffifigftte) , HVPE <'N7>f K^tefSftfe) . MB E 
(^SUct^^-gO , MOCVD (W«^«fk^ 

^ta^gfe) * % g<k^^ft£^£^£<Dic^(bn 
MOCVDfet$)l *SiB^£ftv Merit* S-frS r td« 

v\ *fc^@6<jtc«tora^o^k^¥^<ofi£^ 

[0 0 7 4] 

[^J60ij] &Tiz*mw<n-nM<DMmxhz>nmm& 
[0075] immm i ] h^j i ic^its^-xs^ia 
[0 0 7 6] [mi ©il] 1 t it, me\z 

i:U't77^ftfl = 0. 15° , XTS/^lfc 

if 20^-y^hu-A v 7 7^TOJ:f 8 0 0t 
[0 0 7 7 ] <TiftJl3>±i^:7T^Tg|Sl ±ic % 

Tt5o/< 77711 2t mwLf8L&<omtm*m& 1 3 1 

(/<y^ T jil2) :(7)t77-<7ltSl?rMOCVD 
(O^^^ffp^tc-fe-/ h L, rUfi£ 5 l OtieLT, 3r-r 
VTtfX\Z7km, ra^X|C7y^^7 £ TMG (MJ 
^^vUtfy^A) ££ffiV\ f7 7^7S«l±|CGa 
Nct^ft^/^y^r/fl 25:20 0^->i/^ Fd-ao 

(«5?JBL*Sw3l{k»*W*l 3) /<:/7tJBJ«««. T 
MG^Jhi6T, 1 0 5 0t*r*±#^-fr, 10 

5 OriCftofcb, W^ICTMG, T^^^T&m 
V\ 7V K-^G a Ni Olft^ft 
1 3 £5 *i m0^j?T^^ii-^> 0 

[0 0 7 8] [^2 011] ^(C, /<77 7 |1 
i«fa^fi(^a<kft¥W* 1 3?!»^ft5Titii^3^^ 
ft, ^ h^^y^co^^ b-rXt&Mtitl,* CVD^t 
(-.t 9^ h7^^*B (dbSSS<0±»«cftS«B) 3 ^ m, * 
h^-fTT^ (D0»lKaitft6»») 15ym{^^- 

^>^/$Hfcs i cumzMf&L. m-x. R I 
;c<t ^ s i 02m<nMj&£tix\,^£\,^ftcn&i&f&&(n 
^fk^**l 3^f7r^71«l $r»a$^r. ^ <b 
l:t77^f7S«l$:, Ut^2 0 0 Oty^ h n — A 
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com£itx^y^^?^xm&ZBf£+Z>zb\c£. *) , 

tS^irlcJ; 9tMldb&fl2/#-t5 [ID 3 (a-l) & 
m o Tife® 3(cfl2*££ft-5[M]ifbcDx h7-f^ 

a><b*«jico. 3 5° -rttfc^rt-cjRrit-r*. 

[ 0 0 7 9 J 3 - 1 Wig] TifeJI 3 ICDflC 

1 OSOtlCt, ^*4#^|CTMG, TV^-T, Cp io 
2Mg (v-^ a) £:JBt\ 

T^K-^G a N<fc 9/j:5l2Wl»^l 7 £ 
1 5 /i nKDmmX'ffc&ZltZ [l£]4 (a - 4) , &t>*|g] 
3 (a -2) #fiH] o (IL, »2 0afc»*«*l 7 CO 
/SftaSftf*. 3nm/«miHfc. £fc, »3-10I 

10080] B3-2 COXm] ^ 2 <7>^b1£>^ 

^1 7±(C, 7yK^(7)GaN^6^6^3£0l{b 20 
m^m^l 8 §rHVPEM^«t^) 2 0 0/i mCDjjUlflT- 
^Scg^ii*6 [ID 4 (a -4) &t*H13 (a -3) # 

O /i m/f^t L/c 0 

[oo8i] cm4coxm] ^tc, m i t-^-r £ 

t7 7^7l«10«3 0»b**»»l 8^/&£ft 
TW^©^^ if2 4 8nmOKrFx^r->7!/- 

ifSrfflV^T, ^60 0 J/cm 2 T\ t If 1 m 

mX 5 Omm^MCU, U~ 7 7 >f T 1 COTifc/I 

3 ^Pds^fig £ ftT l ^ 2 co®£@£ ^ -t > LTI 30 

*hT6o i'— iF«:!»*t-rS££KJ;D, t7r^7M 

fti 7. Ri;$3oi{kW#i 8a»*>fc*£fb«j¥ 

^SffiSrH5;^:^T'#5o »^ftfc£{b«*W(*:£ 

w(&S£ftT^5&#negt£^;fc5 0 40 
[0 0 8 2] [HS£0ij2] |£fe#Jl id^^T, Sg2<7)I 

[0 0 8 3] [12 Wig] TiftB 3 Tmm 
3il:x h7>f^7t h^x*£ff£;#U CVDS 

■icio^h^-f^wi x ^-fTTwra (corns 

coMagflotl) 2/im(7)SiO2i:0^6^Mi5^ 

7-<7«sut'X7f>^ zh^y-^T^rmm. i 

£ s Ul£2 0 0 O^V^J* h n-ACO#S££T^;/^> so 



i/trnQifb^ffMi-^d tit. x *)Tmm3$:mf&~tz>m. 
im*mft®&mm£-&z ms (t>-n . & 

[0 0 8 4 ] XfEcoi: 9 2 coigcDSK 1 b 

mm^%$3 ~ i co am. ^3-2cox?m, &t/gS4coi 

ffc£f#S 0 ddT\ »3-10IglcJ;9i2<7)lft» 

Jiffl$(CfiRSLfcSB2<O^L«i^««:i 7 b A, 

te^ji,<bft#V\> £/c, P0«J&tt<O1f*:7 7-'1'7SjK l b 

?icLxm<bfrfrmtm*mft&m*. u 
-ifit&mm-tzz b x&m^7T 4 rmte 1 zm* 
T-#, nmmi bmmi£^<* *im& ft <&&x- & £ 

[0 0 8 5] 

T ^S»btt¥WfMs$MW L t*ISS!:»«Lt»i 

£z&mm&<nmti&&mzffiik^z-b&xzz>b& 

^^f'JntcJ: ^^doT^fc^fb^l^^co^C^ 
[HlfficofSm^IftP^] 

[mn mm, ^mm<D-^m<ommxhi>^^\c 
mmfc&mto^x^^hm^ftmmwxhZo 

[EI 2] [D2tt. ^P^^CfflV^f>i^5E LOGfifegrCD^ 
im3] I§l3li, «^ICffltMbn5ELOGfi)cf(0# 
lm4] m4t*. «0^CfflV^tl6ELOG^l^ 

is (c ct 0 e> n 5 * ^ ^ co mmftmmm x &> ^ 0 

l(H 5 ] H}5^. Tit!l^tc:^^^ft5[y]ac7)x 

[0 6] B6lt **W»cffli^ft6J4a««o^ffi3&s 
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F^~A(#%) 4K030 AA11 AA13 AA17 BA08 BA38 
CA01 CA12 DA08 FA 10 HA03 
LA12 

5F041 AA31 AA40 CA23 CA40 CA46 
CA65 CA67 CA74 CA75 

5F045 AA04 AB09 AB14 AB17 ABI8 
AC08 AC 12 AD07 AD08 AD09 
AD10 ADI1 AD12 AD13 AD14 
AD 15 AF02 AF03 AF04 AF09 
AF12 AF13 AF20 BB12 BB13 
CA10 CA12 CA13 DA53 HA11 
HA12 



